AD-A219  1 


(U) 


F’L:  COPY 


5ECL.R IT*  C-AES.F  CAT  ON  Or  TmS  J  AGE 


REPORT  DOCUMENTATION  PAGE 


form  Ppproved 
OM8N0  070<t-QI88 


Tj- 

00 


‘i  REPORT  SECURITY  C-ASS.F  CATION 

m. 


10  RESTRICTIVE  MARKINGS 

_ NA _ 


la  SECURITY  CLASS.F.CAT’ON  AUTHORITY 

NA 


:3  OECLA,SSiF.CATiON  .  DOWNGRADING  SCHEDULE 
_ NA 


3  DISTRI3UTI0N  l  AVAH.A3H.lTY  Of  REPORT 

Disbribution  Unlimited 


PE3rOR.MI.NG  ORGANIZATION  REPORT  NUM3ER(S) 
NA 


5  MONITORING  ORGANIZATION  REPORT  NUM3£R(S) 
NA 


Ed  NAME  Of  PERFORMING  ORGANIZATION 

lTniv.  of- Calif.,  San  Diego 


6o  OFFICE  5YMS0L 
(If  applicable) 
NA 


7a  NAME  OF  MONITORING  ORGANiZAT  ON 

Office  of  Naval  Research 


% 


vG 

AA- 


Ec.  A00RES3  ;Gry.  State,  and  ZIP  Code) 

Departmencs  of  Biology  and  Physics,  B-0L9 
La  Jolla,  CA  92093 


To  ADDRESS  (Cry.  State,  and  ZlPCoae) 

800  N.  Quincy  Street  /^'Jv 
Arlington,  VA  222 L7-5000  '•■ATf 


Ed  NAME  OF  ENDING.  SPONSC»i\G 
ORGANIZATION 

Office  of  Naval  Research 


3o  OF-CE  SYM3CL 
(If  apaltcao/e) 

ONR 


3  PROCUREMENT  INSTRUMENT  iOEN T.fiCAT'ON 

N00014-89-J-1469 


ic  ADORE  jj  .’Ofy.  State,  ana  ZIP  C  ace) 
300  N.  Quincy  Street 
Arlington,  VA  22217-5000 


•  o  source  Of  rending  numbers 


RRC.E" 

'-Sv 

.VC5<  JMlf 

E-EVEN"  NO 

NO 

NO 

ACEE13.CN  NO 

-Induce  Security  ClaSSi'iCar  oni 

Channel  Protein  Engineering:  A  Novel  Approach  Towards  the  Molecular  Dissection 
Determinants  in  Ligand-regulated  Channels _ _ _ 


’J  Rf-'SONAv.  AuTr>ORfS/ 
Mor.tal,  Mauricio 


•  -  OC  >  7EEP3' 

■  iz  '  ME  CO 7; RED 

f'4  OP  r  Kf<*ar.  \lQnrh  Day) 

15  RACE  COUNT 

Annua  1 

RRCM2/1/89  Toll  1  /  90 

1  90/2/15 

19 

E  SuRR'.EVEN-ARv  nota'C.' 


cosati  ;coe; 

:  E.D 

GROuR  j  3 v  3-ijRG U'R  '•  ... 

08 

_ i _ : 

l . . : _ : .  1 

'3  Su3.EC'  TER.MS  Continue  on  reverse  -t  necessary  jno  itJenrity  oy  oioc*  numoer) 

^  protein  structure,  protein  design,  acetylcholine  receptor] 
ionic  channels,  biological  membranes,  signal  transduction! 
VPtdlf  *rr<  1  ■  '  '  '  ^  - - 1  - 


L.  1  (.  A  t->p>  ,  TAPLfCUl^lA 


.'.Continue,  on  reverse  f  necessary  jnd  -aenr/r/  ay  o/oc*  numoer) 

f  v  y  .  v  r  .  **~  & 

Our  goal ' is  to  establish  the  molecular  determinants  that  account  for  the  pore  properties 
of  ligand-regulated  channel  properties.  We  are  modeling  hypothesized  pore  forming 
structures  from  acetylcholine  receptors  using  semi-empirical  potential  energy  functions. 
The  M2S"  segment  of  the  nicotinic  acetylcholine  receptor  from  Torpedo  californica  is  a 
candidate  for  the  channel  lining  structure.  It  forms  ionic  channels  in  human  erythocyte 
membranes  and  in  lipid  biJLayers.  Furthermore,  we  designed  and  synthesized  a  tethered 
tetramer  containing  four ; M2? -oligopeptides.  The  complete  101  residue  protein  forms 
channels  in  lipid  bilayers  with  properties  that  resemble  those  of  authentic  cholinergic 
receptors.  The  general  validity  of  this  approach  is  currently  being  assessed^) 


1  ^iSTffiauTJOM  <  AVAILABILITY  OP  A3ST3AC* 

S  G  5AM6  AS  -<*>r  3T" C 

’i  abstract  security  classification 

LZa  NAME  Of  RE3RONS.9LE  .NDiviOual 

Dr.  Igor  Vodyanoy 

ZZS  'HlHRhONE  (include  Prea  Coae) 

(202)  696-4056 

1  ZEc  OF-CE  ;v.!30t 

1  ONR 

00  form  1473,  JUN  36  Previous  editions  are  obsolete.  SECURITY  classification  Of _ hiS  rage. 


S/N  Q 10 2 -LF -014-6603 


R&T  Code:  4414911 


DATE:  15  February  1990 

ANNUAL  PROGRESS  REPORT  ON  CONTRACT  N00014-89-J-1469 


PRINCIPAL  INVESTIGATOR:  Dr.  Mauricio  Montal 
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CONTRACT  TITLE:  Channel  Protein  Engineering:  A  Novel  Approach  Towards  the 
Molecular  Dissection  Determinants  in  Ligand-regulated  Channels 
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RESEARCH  OBJECTIVE:  Our  goal  is  to  establish  the  molecular  determinant  of  the  pore 
properties  in  ligand-regulated  channel  proteins. 

PROGRESS  (Year  1): 

1 .  Molecular  modeling  of  the  pore  forming  structures  of  ligand-gated  channel 
proteins. 

We  pursued  the  modeling  of  the  pore  forming  structures  of  two  channel  proteins  with  different  primary 
structures  and  oligomeric  number,  namely,  the  voltage  sensitive  sodium  channel  and  the  nicotinic 
cholinergic  receptor.  Low-energy  arrangements  of  a-helical  bundles  were  calculated  by  semi-empirical 
potential  energy  functions  and  optimization  routines  and  were  further  refined  using  molecular 
dynamics.  The  ion-conducting  pore  is  considered  to  be  a  symmetric  or  pseudosymmetric 
homooligomer  of  3-5  amphipathic  a-helices  arranged  such  that  the  polar  residues  line  a  central 
hydrophilic  pathway  and  the  apolar  residues  face  the  hydrophobic  bilayer  interior.  The  channel  lining 
exposes  either  charged  (Asp,  Glu,  Arg,  Lys)  or  polar-neutral  (Ser,  Thr)  residues.  A  bundle  of  4 
parallel  helices  constrained  to  C4  symmetry,  the  helix  axis  aligned  with  the  symmetry  axis,  and  the 
helices  constrained  to  idealized  dihedral  angles,  produces  a  structure  with  a  pore  of  the  size  inferred  for 
the  sodium  channel  protein  (area  ~  16  A2).  Similarly,  a  pentameric  array  optimized  with  constraints  to 
maintain  C5  symmetry  and  backbone  torsions  characteristic  of  a-helices  adopts  a  structure  that  appears 
well  suited  to  form  the  lining  of  the  nicotinic  cholinergic  receptor  (pore  area  -  46  A2).  Thus,  bundles 
of  amphipathic  a-helices  satisfy  the  structural,  energetic,  and  dynamic  requirements  to  be  the  molecular 
structural  motif  underlying  the  function  of  ionic  channels. 

2 .  The  M25  transmembrane  domain  of  the  nicotinic  cholinergic  receptor  forms  ion 
channels  in  human  erythrocyte  membranes. 

We  examined  the  notion  that  a  synthetic  peptide  with  the  sequence  of  the  M2S  segment  of  the  nicotinic 
acetylcholine  receptor  from  Torpedo  californica  forms  ionic  channels  in  biological  membranes.  For 
this  purpose  we  selected  human  erythrocyte  membranes  and  assayed  channel  formation  by  determining 
both  hemoglobin  and  K+ release.  Indeed,  this  peptide  forms  a  permeability  pathway  with  an  apparent 
cross-sectional  diameter  of  7-9  A.  The  M25  pore  is  oligomeric  and  a  pentamer  is  the  species  that 
accounts  for  the  properties  of  the  permeation  path.  Peptides  that  mimic  other  identifiable  segments  of 
the  Torpedo  acetylcholine  receptor,  MIS  and  MIR,  do  not  form  channels  in  erythrocytes  under  the 
same  conditions. 

3 .  Synthesis  of  tetrameric  synthetic  channel  proteins  was  achieved. 

We  implemented  the  design  principles  outlined  by  Mutter  and  synthesized  tethered  letramers  containing 
the  channel-forming  domains  of  the  Torpedo  californica  acetylcholine  receptor  (AChR)  5  subunit 
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SUMMARY.  A  synthetic  peptide  with  the  sequence  of  the  M25  segment  of  the  nicotinic  acetylcholine 
receptor  from  Torpedo  California!  forms  pores  in  human  erythrocyte  membranes  as  determined  by 
hemoglobin  and  potassium  release.  This  peptide  fomis  a  permeability  pathway  with  an  apparent 
cross-sectional  diameter  of  7-9  A.  The  M25  pore  is  oligomeric  and  a  pentamer  is  the  species  that 
accounts  for  the  pro|Kriics  of  the  permeation  path.  Peptides  that  mimic  other  identifiable  segments  of 
the  Torpedo  acetylcholine  receptor,  MIS  and  MIR.  do  not  form  channels  in  erythrocytes  under  die 
same  conditions.  *>  mv  cr*s».  inc. 


INTRODUCTION.  The  nicotinic  acetylcholine  receptor  (AeChoR)  of  Torpedo  californica  is  com¬ 
posed  of  four  glycoprotein  subunits  (a,  p,  y,  8)  with  stoichiometry  a2[3y5  (1,  2).  A  high  degree  of 
amino  acid  sequence  homology  exists  among  the  four  subunits,  and  all  exhibit  four  putative  transmem- 
branc  regions  designated  as  Ml,  M2,  M3  and  M4  (3).  In  vivo,  the  AeChoR  pentamer  acts  as  a  ligand 
activated  cation  channel  (4)  with  an  effective  pore  diameter  of  -  7  A  (5).  The  specific  assignment  of 
subunits  involved  in  channel  lining  has  been  a  subject  of  intense  investigation.  Evidence  suggests  that 
M2  is  the  segment  which  lines  the  pore  (4,  6-8).  Significantly,  a  synthetic  23-mcr  peptide  with  the 
sequence  of  M26  fomis  ion  channels  in  lipid  bilayers  with  single  channel  properties  that  emulate  those 
of  audieniic  AeChoR  ion  Channels  (8).  Here  we  provide  evidence  of  channel  fonnation  by  the 
AeChoR  M25  peptide  in  biological  membranes. 

MATERIALS  AND  METHODS 

Peptides.  Peptides  were  synthesized  by  solid  phase  methods  on  an  Applied  Biosystcms  model 
430  peptide  synthesizer,  purified  by  IIPLC  and  sequenced,  essentially  as  previously  described  (8,  9). 
The  amino  acid  sequences  of  the  peptides  studied  are:  M25  -  EKMSTAISVLLAQAVFLLLTSQR  (8), 
Mi5  -  LFYVINFITPCVLISFLASLAFY  (8),  MIR  (a  segment  of  the  main  immunogenic  region)  - 
VNQ1VETNVR  (10),  and  a  peptide  composed  of  23  serine  residues  (poly  S). 

Hemolysis  Assay.  Hemolysis  was  assayed  according  to  Tosleson  ct  al.  (11)  Briefly,  rc-ntly 
Ouida'.cJ  b!  jou  hum  line  Veteran  s  Administration  Medical  Center  Blood  Baiii,  (La  Jolla,  CA)  was 
washed  three  limes  with  0.3  M  sucrose  buffer  (0.3  M  sucrose,  0.01  M  Tris-llcpcs,  0.001  M  EGTA, 


The  abbreviations  used  are:  AeChoR,  acetylcholine  receptor,  MIR,  main  immunogenic  region,  TFE, 
lrilluorocthar.)l.  Ilh,  liemoglohin. 
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pH  7.4).  An  erythrocyte  suspension  was  made  1%  (v/v),  and  2.5  ml  samples  were  used  for  all  assays. 
Synthetic  peptides  were  dissolved  in  triliuoroetltanol  (Tl-'li;  Aldrich,  Milwaukee,  \V!)  and  added  to 
erythrocyte  suspensions  with  immediate  vonexing.  Suspensions  were  incubated  a:  22  ±  2°C  for 
desired  time  periods,  whereupon  two  1  nil  alitjuots  were  withdrawn  and  layered  over  0.1  nil  dibulyl- 
phtlialate  (Aldrich,  Milwaukee,  \VI).  Samples  were  immediately  centrifuged  for  5  minutes  in  an 
Eppendorf  Model  5414  centrifuge,  and  the  absorbance  of  the  supernatants  at  540  nm  was  recorded. 
The  effect  of  equivalent' amounts  of  pure  TFE  (5-30  pi)  without  peptide  were  subtracted  from  the  lysis 
produced  by  peptides.  Total  lysis  was  obtained  by  solubilizing  erythrocytes  with  Triton  X-100  at  a 
final  concentration  of  0.5%  (v/v).  K’  was  measured  on  a  Perkin-Elmcr  Atomic  Absorption  Spectropho¬ 
tometer  Model  5000  (A.  =  766.5  nm).  Supernatants  were  combined,  and  1  ml  aliquots  diluted  to  a  final 
«  volume  of  5  ml  with  distilled  water. 

RESULTS  AND  DISCUSSION 

Synthetic  M25  peptide  lias  hemolytic  activity.  Erythrocytes  suspended  in  sucrose  buffer  arc 
lysed  by  the  synthetic  M2S  peptide.  Figure  1  illustrates  the  lime  course  of  hemoglobin  (Hb)  release 
produced  by  three  different  concentrations  of  M26.  Initially,  lib  release  increases  linearly  with  time, 
leveling  off  at  a  steady  stale  value.  K’  release  from  erythrocytes  is  also  a  measure  of  cell  lysis  as 
illustrated  in  Figure  2B.  The  lime  courses  of  lib  and  K*  release  are  similar,  although  the  initial  rate  of 
K*  release  is  faster  than  that  for  lib. 

M2S  forms  channels  in  lipid  bilayers  (8).  Therefore,  a  likely  mechanism  of  lysis  is  that  M28 
creates  a  pore  through  which  the  high  levels  of  intracellular  K*  exit  the  cell.  Accordingly,  K*  efllux 
generates  an  osmotic  imbalance  leading  to  cell  lysis.  This  model  implies  that  external  sucrose  is  too 
large  to  pass  through  the  M25  pore.  Therefore,  sucrose  in  the  buffer  was  replaced  by  Tris  (at  0.15  M). 
and  no  lysis  was  obtained  (Figs.  1  and  2A).  Tris  was  selected  for  this  assay  because  it  is  known  to 
permeate  through  both  the  authentic  AeChoR  (5)  and  die  M25  pore  (8).  Presumably,  Tris*  equilibrates 
with  intracellular  K*.  and  no  osmotic  imbalance  is  created.  The  dimensions  of  Tris*  (8 A  x  7  A  x  6A) 
(12)  and  sucrose  (1 1 A  x  9A  x  sA)  (13)  predict  an  effective  cross-scciiona!  diameter  of  the  permeabil¬ 
ity  path  fonned  by  the  M25  pore  of  7-9  A,  in  agreement  with  the  apparent  cut-off  size  of  the  synthetic 
M25  (8)  and  authentic  AcCItoR  (5)  channels. 


time  (min) 

Fig.  I.  Hb  release  from  erythrocytes  suspended  in  sucrose  buffer  supplemented  with  M25  at  25  jiM 
(■).  15  pM  (•),  and  7  pM  (A).  Open  circles  (O)  designate  Hb  release  from  erythrocytes  suspended  in 
0. 15  M  Tris  buffer  containing  M?8  (15  pM). 
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lime  (min) 


Fig.  2.  Hb  release  (A)  and  K*  release  (B)  from  erythrocytes  suspended  in  sucrose  buffer  (•,  ■)  or  in 
Tris  buffer  (O.  □)  and  exposed  to  15  pM  M26  (•,  O)  or  15  pM  polyserine,  n  =  23  (■,  □). 


The  M25  pore  is  oligomeric.  A  plausible  structural  model  for  the  ion-conduciivc  pore  formed 
by  M25  postulates  a  petuamcric  array  of  5  anipltipalliic  cc-helices  arranged  such  tiiat  the  polar  residues 
line  a  central  hydrophilic  pathway,  and  die  apolar  residues  interact  with  the  apolar  core  of  the  bilayer 
(8).  Infonnaiion  about  the  si/e  of  oligomeric  channels  is  obtainable  from  membrane  conductance 
measurements  in  planar  lipid  bilayers  (1-4).  Double  logarithmic  plots  or  conductance  vs.  concentration 
of  channel  fonuing  peptide  have  a  slt>|W  equal  to  the  number  of  peptides  per  channel.  Since  die  rate  of 
hemolysis  is  dependent  on  membrane  conductance,  a  double  logarithmic  plot  of  the  initial  rate  of 
hemolysis  vs.  concentration  of  M25  will  have  a  slope  equal  to  the  si/.e  of  M25  oligomers  involved  in 
the  rate  limiting  step  of  the  hemolysis  pathway.  Accordingly,  Figure  3  shows  that  the  assembly  of  a 
irimer  is  die  rale  limiting  step  in  die  formation  of  a  functional  ion  channel.  However,  based  on  Tris 
permeability  (5,  8),  it  is  likely  dial  pentamers  are  die  dominant  s)Kcies  responsible  for  the  M2S  con¬ 
ductive  pore. 


Fig.  3.  Plot  of  log  (initial  rate  of  hemolysis)  vs.  log  (M25).  Initial  rates  are  initial  slopes  from  a  plot 
of  %  Hb  release  vs.  lime.  Inidal  rates  for  5,  10  and  15  pM  M28  were  determined  in  duplicate,  and 
the  mean  rates  were  plotted  vs.  |M25).  Slope  of  3.0  was  calculated  by  linear  regression. 
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lime  (min) 


Fig.  4.  Hb  release  from  erythrocytes  suspended  in  sucrose  buffer  containing  15  pM  M25  (•),  M15 
<P).  or  MIR  (A). 


Specificity  of  the  assay.  To  lest  ihc  specificity  of  M25  hemolytic  activity,  syndictic  peptides 
with  sequences  derived  from  other  AeChoR  structural  domains  were  studied.  Ml8  (3,  8)  is  a  putative 
transmembrane  segment  (15),  whereas  the  extramembranous  synaptic  domain  of  the  a  subunits  con¬ 
tains  a  hydrophilic  segment-  the  main  immunogenic  region  (MIR)  (10).  Neither  M15  nor  MIR  (a) 
peptides  would  be  expected  to  be  cytolytic,  and  indeed  they  show  no  activity  when  tested  under  the 
same  conditions  as  M25  (Fig.  4).  Figure  2A,B  also  show  that  a  polyscrinc  23-mcr  has  no  cytolytic 
activity.  This  is  significant  because  serines  are  postulated  to  line  the  polar  face  of  M25  (4,  8)  and  lack 
of  cylolysis  by  polyscrinc  supports  the  notion  that  amphiphilicily  is  a  hallmark  of  channel  forming  a- 
helices  (7,  8). 
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EXPRESSION  OF  RAT  ML'SCLE  A CETV LCH  C  L '  N  E  RECEPTOR 

epsilon  sc‘3wNiT  :n  xe nopus  oocytes.  3c^  r  h 

C>v~n*  C.  Mg 3  ^ribr-i  Odd.  at  Physiology..  Tuns 
L'-riv  Med.  Sen..  2cs:on.  MA  OZ 1 1 1  and  Dtv.  Mol.  Med..  New 
England  Med.  Cr..  3cs:on.  MA  02111. 

The  nicotinic  icctyicnolwe  receptor  channel  from  muscle  is  a 
penramer.c  protein  assembled  from  alpha,  beta,  gamma.  and  delta 
subunits.  A  fs:;n  iubuntt.  epsilon,  has  been  cloned  from  calf  and  more 
recently,  from  rat  (Cr.ado  e:  al..  Nnc'ex  Ac-d<  R?<  .16.1933  and 
Carrachoe:  al..  3»nrhv< ;?<  f  .55.19S9L  Using  me  Xe.ioous  oocyte 
translation  system.  *e  nave  studied  the  sing!-  c.nanr.el  properties  of 
acetylcnoiine  receptor  channels  expressed  from  synchenc  rr.RN  A 
transcr.pts.  ’.V-  nave  obtained  functional  expression  of  AChR  channels 
by  injecting  alpha,  ben  and  delta  from  mouse,  in  conjunction  with 
mRNA  uronsenpts  from  rot  epsilon  subunit,  tnjecr.cn  of  mRNAs 
encoding  aipna.  aeta.  delta,  epsilon  subunits  resuits  in  inward  currents 
c:  severoi  microamperes  at  the  macroscopic  levci.  Single  channel 
recordings  from  outside -out  patches  revealed  two  amplitude  classes  of 
Adwcr.vatei  channels.  3 cm  .nod  briefer  open  times  and  higher 
conductances  than  -hese  ootatned  by  alpha,  bero.  gamma  and  delta, 
injection  of  aipna.  beta  and  gamma  subunit  RNAs  result  in  the 
expression  of  »uos:an::al  macroscopic  currents.  However,  in  one 
esperrren:  .njection  of  aloha,  beta  and  epsilon  transcripts  did  not 
exbress  furciicnai  cranrcls.  suggesting  put  rec eaters  containing 
eosilon  mav  k  jcrclnonai  on  t ne  presence  of  delta  »uounit. 
runcec  by  NIK  grant  NS  13205  to  ?  E. 
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tarint:  activated  y-:  re:::- cl  op 

'« i  It:  -r.av  3 :  A',.  i  ;  It  *e; 

euittes'.  lll'lll*^:  ard  '.tag-vac  in*  'IMr.M-ti  v«r« 

r-fiarHi  Jitrr.n  .n  .i:t:r.:  T:‘.J-31 

S3.  .r.j  ■..*.«  ji  :  3  r*.d  .  t :  n  CAiA- ae  tivaesd  er.anr.* s 

-.ju  r. iri.stir:*  iut«i  a;  I  19.  3*  »r.i  31  ?S 
er.ts  are  e.n*  o::.« r  ea^Cuee^rei  lev*’. ? 
'•re  :  Jv.r  ;  ■* . sc .30'.  anu  l»ojv/ac'.".«  ac t .  /a : «C  i'.i.lar 

: ~'i  -c  I  iru  i  : »  r  ill  agan;tea.  er.e  eatr*.  ;  i-cuc  :  ir.ee 

'.«•/*!  ir:,-a  3 ■>  p 5  :•'/  fir  all  ajin-.tes 

--re  linear  iri  r«v*;jeC  inure  0  aV  Analyst  a  >:  er.e 
'.j.-itiu  ;  a :  -  'i  by  2a2a  rev-  a.  #  a  v-o  :.:i 

:3*st  ir.tj  j  :  3  1;  *  3  3-  arid  1.33-  3  1“  ix  r.  -  3 '»  Stellar 

sirjtirli  3‘  '  -!  ;  1  33  ar<a  3.31  z  '  --  :  1  vers 

i  :  3 r  . s-s^iv ic tre  Coen  rtre  all  ;r  .: -S  tar.s  :  j r 
3'-:.::3l  j-j:  ieierib«c  ay  me  a:  the  • 

e-.e o-en:tili  **av.rg  :.=«  trstinis  •>:  3  li  a  3  33.  1.15  ; 
3-3  aia  3  :3  ^  1,5  3a3a.  eusc.eol  xr.-i  Isaguv-te  me 

a: : t  /-i t «  i  tT.lar  sulalple  ur.c.ctjr.c-  levels  In 
t?r?3nl  '  -  . r 3 “j  3re-i.ee  <tn«t les  fsr  dAdA  ar.u 

tsegivic.re  <  t  e  t '.  a  i  anti*  euscteol  seentr^s  ilssla/ei 

in  isit a : er.a  1  ler.j*-  eeen  seaee.  AsCletona  11/ ,  In  io.n* 
:a::'ei  :.-a  jceufrenct  e:  subeer.Cuceance  levels  v*r«  nore 
ir-'juene  a-.:.-'.  lusctaoL  ar.C  Lsoj-avac  ir.e  S-r3or:«e  by 

NSlljlb.  S3 131-3  and  :*S22  2  7  2  . 
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HUMAN  Cm a3Aa  RECi^GRS  AS32M3L2D  FROM  OlFTERiNT 

Combinations  c?  cloned  subunits  have  different 

EL£CTRC?HYSICLCCIC\L  ?rcpertx> 

T  v.d  V  v-tipc re.  i-eroas  ^rann*  3e^.iaxm.ann*  2  e^a.3.  Fr.rrmu  ?e:er  H. 

•tax- Plane  x*  i  mu  tut  :0r  nedaruact'^  Foncnun?  and  ZM3H.  HtuJc.bcr?,  ERG 
Caiiured  s.unun  : .no r-omc  edney  etila  •rannenuv  eaxuteciad  «<iA  cCN A 
:tona  mcocmg  a i.  El.  inc  T2  iiaowuii  of  the  mman  0a3 A  ^  .-3c::icr.  Oionse 
iunenu  xuvual  by  Ga3A  *eie  examined  asaig  paicn  camp  :rt  ae  -note  ceil  and 
iuisuie-oui  roniigumuOAj  iiymmencal  C-.  I-*0  iiM).  In  cads  z?Mtcc.c<l  v» ut 
:SNAi  sneoumg  the  a;  ind  3|  aioumu  »nole  ceil  cormu  <0  *nV>  sueixd  by 
f0ii  lopucauon  of  :0  xM  Ga3a  icsenuuzed  ‘nantecl*  'O  16  a  4S  -  mean  :  SO. 

3t  me  sniuai  peax  current  alter  10  tec.  In  conmju  ceiLs  nansfectsd  -un 
:0NAi  ;ncoding  ne  5\.  3\.  and  n  luoumu  (7a  t  i  ^  of  peax  after  10  we., 
3»a  to  *xM  Ga3A)  or  only  a\  uv3  v-  '  no  deuxaolo  Jeseniiuauon  o*e/  ,0  ice.. 
n«5.  10  xM  GaBa)  mowed  muen  css  Ceaeruuaauon.  Single  mannel  GaBa- 
xuvaued  c-u/renu  m  outside -out  trnc.va  ( -50  m'O  (tons  cc'ds  tanuactsd  »iih  ON  as 
encoding  m  and  3j  ujOujiiu  tad  i  mean  conductance  of  i9.9  -  1.2  ?$  (ti**.  10 
jlM  GaBa).  The  «r>gie  crunnel  conductance  vis  higner  n  ceils  cotransfected  *uft 
GNA  encoding  tM  ~  '.uoumu  ai.  3t.  it'd  ^  ranu ccxd  togemer  y«e»dod  i  mean 
tingle  : tunnel  conductance  of  36. a  :Upi  <n*a.  10  u-M  GaBai;  »iU  tnraiAtetl 
•»in  a i  and  v*  mowed  a  -nean  coruiucunce  of  Ja  J  2  3.J  pi  n»).  30  u_M 
GaBa).  The  reduced  lesensiaiaocn  and  higner  ungie  channel  conductance  apon 
:oinnxiecoo«  *un  3.NA  wcodmg  ’.he  12  tuounu  ruv  ttuii  from  me  'ormauun  of 
1  ?xw  Gab  A  4  Tcertor  ^iO<vpe  or  me  expreaxon  of  1  oiumre  of  cuotvpes. 
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SYNTHESIS  CF  A  CHANNEL  PROTEIN  aND  CHARACTER GLaTCN  CF 
ITS  SINGLE  CHANNEL  PROPERTIES.  M.  McnuL  ^  S  Uwar  rr-1  ’  M 
T:m:ch*  L'CSD.  La  Jolla.  CA  92093  ind  Children'!  Hotpiul.  Los  Anjc.cs. 
CA  90027 

A  33-iner  pepude  «tuh  me  sequence  of  me  M2  segment  of  uhe  To'y<4o 
acetylcholine  receptor  S-tubunx  (EKMSTaISVLLaQaVFLLLTSQR>  forms 
cauorwxlecuve  channels  in  lipid  bilayers  tfSAS  35tS70J*3707).  Channel 
formation  ptexunuPly  involves  self-assembly  of  conducive  oligomers.  Hero,  vt 
lynthtsited  a  lethercd  parallel  tetnmer  with  M2S  pepudes  auachcd  to  a 
mulufunctionaJ  earner  leniplate  [Tetrahedron  AA:T7l.78J3:  a  9-a/mnoac:d 
bac’xbone  K*KK*?GK*SX*G  wnj*  K  containing  N®  -tpoc.  Ne-fmoct')  to 
generate  1  branch  poina.  M25  was  men  attached  to  template  in  a  stepwue 
manner  it  me  4  base-depnMCUsd  K  side  chains.  The  complex  lOt  residue  proem 
wu  cleaved  in  Hr  and  purified  by  R?-H?UC.  U  migrates  as  a  nngie  band  n 
SDS-PaGE  (15^)  with  apparent  Mt  1 1  0C0.  The  synthetic  channel  proem  boes 
indeed  formt  channels  in  phosphaudyl  choline  btlayen.  The  ungie  channel 
conductcnce  y.  channel  open  (PqJ  and  closed  (v)  lifetimes  and  peroent  open  erne 
(?p)  in  symmetric  0.5M  NaC  or  XC1  (10  mM  Hrpex.  0_3mM  C*C.i-  ?H 
at  '.00  mV  ire: 

NaCl-ywlS  pS:  Vj [ "0.3  ms.  V,v»15  ms:  Vi -1.0  mi.vw  1 7  mi:  ?o«o6V 
KC!-y«2A  pS;  1.7ms,  ms;  ms.o.;-  4J  ms;  P^aT^. 

Membrane  conductance  increased  in  diserote  steps,  mie  jral  mulupex  of  fese 
elementary  conductances,  indicaung  mat  the  -ethered  x xamer  -S  me  ccnducu*e 
rpccies.  'Ve  conclude  mat  a  rour-helix  bundle  protein  tx  a  plausible  nrjeroro 
under,  vuig  he  conducancs  events. 

Sucpcred  by  NTH  (CM  423-^0)  and  CNR  iNOOOlA-i9-i-IA65'. 
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T-VC  NCV5L  GA3Aa  FE:E3’CR  SUBUNITS  =x:5T  N  C'S'v:: 
SeURCNAL  $usPC3,JL4T  CnS  B  2  SHv-ft  3  ir-v-'  - 

S  33  3  Tb’-r  «  1  r<:  *  ■*  S  •«:,.■ :  2 - -r  ’3.- 

Vo:ec*-Uf  3oiog».  N?  212  sne  •’nslfvls  'cr  Nr.t5S:cio;?.  IU 

UViv*fs4y  si  H-de'b-rg.  2  i3C3  -e:d*.5«f;.  2R.G 

T*a  zCNAs  treaenq  "ovm  GaBa^  ececicf  iuO-ms  »•:;  ::  ;:i: 
Ifcm  a  'at  brain  .'cry#  T.-ese  xotrli  *at«  m  me  V.  i"J'*  i::  :t  -i  t  * 
35\  leouencs  dent.li  *«ih  a  me  J  iuouMs  ird.  -xe  -e:?  ‘c- 

lurci-onai  GA2A.;a;;d  crcnd*  irameis  *nen  -lorestec  jiece  n  :.*■-?  1 
:tia.  "he  ti  subunit  •eor^seris  ’he  rat  *omoiog  31  me  -ess-iy 
human  -j  cubuml  inarm  : a  be  mcoriart  lar  : c.a •  33 

bna.'macaia  5/  ;0  3.  3'icne'!  «t  u.  v  1  •  223  532.  ”?  B  3  Zs  w 

sctidaticn  at  :.he  nRNAs  nimj  :ne  •;  m:  i  I’.Jurts  n  a;  rw 

rev-a.ed  '.'at  arb-iy  :i st.no:  ^e-^c-ai  t-bbcpuiatib**  t:::itt  m  *3 
Iwbur.ts.  7n«  Z:«li  but'en  31  me  ^  tuounit  resems:-!  .'a;  ii  *>g-' 

3  45  a  4  ec-ptor;  :r  2n.Tusc.mei  *Me  he  cci.i:i:tbn  :*  'e  «• 

i.b.-ii  *-?--5:es  -ra:  st  GA3*t  52  '-cepicr;  4be  *2  •  t' 

“ufjifacepam.  "heie  •inc-ngs  'are  msi.cav.cns  •  sr  he  lubum?  :i 

cf  ’ * 3  :.*!?•»•«  GA3Aa  'ecesisr  ’a.o:vpes  me  *3r  ricriaiicn  b  icsii-*;  n 
•-•.rai  •et«3rr:  .sng  3A2A  *  or  i.qnaun- 
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PRIMARY  CULTURES  2T  MOUSE  SPINAL  ZZr.Z  EXPRESS 
THE  NEONATAL  1 50  FORM  0?  THE  INHIBITORY 
GLYCINE  RECEPTOR .  w.  Hcch.T  H  3et:  r.:  I.-T 
.  EM.3H,  fJnive:s;:i:  He ise Ice rg ,  I.*\ 

Neuer.r.eisier  Tell  132,  0-5  9C0  Heaielberg ,  " -  0 
GEycir.e  rscep c or  expressedi  by  prarod"/  .ai.- 
var3  3  oi  3  p  ir.al  sari  i.3  preiem  mart  sly  oi  s.'.e 
recent Ly  i.ien si fi.ee  neo nasal  isoiorro  rnerir - 
lances  by  a  lew  iifiniiv  for  strychnine.  I  is 
Iigs.nS  binding  subunn  differs  frea  ihdi  a: 
iiu  1 1  receptor  m  e.-vngenic  epaiapes  mS 
molecuUr  veigbi.  vherees  in  vivo  me  nec.ns- 
isi  recepior  isofarro  is  compleiely  replacec 
oy  :r,e  3Su  la  iso  com  v.:h:n  anree  w«e<s  acier 
barm,  inis  exchange  of  Jubcvpes  x3  noz  seen 
in  ru  1  a  are  .  However,  me  increased  express -on 
o :  me  cytoplasmic  glycine  recepcar- 

asaocijied  9  j  <0  protein  occurring  afier 
birah  is  also  observed  in  culture-  Purifica¬ 
tion  of  glycine  recepior  fro«  cul lures 
yielded  ?o lypepndes  of  4  9  !<0  and  33  <0  sug- 
gesiing  i n a i  me  membrane- Jpann i.ng  core  c: 
me  nea na ia  1  recepior  may  be  a  Hcmoo  1  igcr.er 
composed  of  49  *0  Jubuniu.  ?u ise- label -ng 
experi.mer.i3  revealed  me  49  ‘<0  luounn  lo  ce 
a  met aoo 1 ica 1 ly  s cable  glycoprotein  (half 
life  *2  days i . 
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